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The Effects of 600 Roentgens of X-1 rrodiation 
on the Nuclei of Mouse Liver Cells1 
LA VERNE BoLDHAUPT2 
Abstract. Four methods were employed to detect a change 
in the parenchymal nuclei of liver cells in 8 = week old 
female A-Jax mice after receiving 600 roentgens of localized 
X-irradiation. These methods were: (1) determination of the 
percentage of parenchymal cell volume made up of nuclear 
material by means of the Chalkley point = ratio method, 
(2) estimation of the actual nuclear volume by means 0£ 
camern lucida drawings, (3) estimation of the number of 
nuclei per cc of tissue, and (4) estimation of the ploidy dis-
tribution of the nuclei as inferred from nuclear volumes. 
Irradiated and non-irradiated mice were sacrificed im-
mediately, in 6 hours, 12 hours, 18 hours, 24 hours, 48 
hours, and 72 hours following X-irradiation. No significant 
difference was noted between the irradiated and between 
the non-irradiated nuclei from one time of sacrifice to the 
next. When the data ~rom all times of sacifice were combin-
ed, no significant change attributable to radiation damage 
was noted in the nuclei. 
Early in the history of the application of ionizing radiations to 
research it was recognized that radiations demonstrated a se-
lective action toward different areas of the body. The liver has 
been regarded as a tissue highly resistant to the action of roent-
gen rays. Rhoades ( 1948) found that with few exceptions the 
liver was not affected by irradiation. However, Wilson and 
Stowell ( 1953) noted that the nuclei of mouse liver parenchymal 
cells increased in size following irradiation with 12,000 roent-
gens. It was also noted by Torapova ( 1957) that the nuclei, ob-
served in mouse liver homogenates, increased in size ·and de-
creased in number following X-irradiation. 
Generally, actively dividing cells are more radiosensitive than 
non-dividing cellS. Radiation injury can be achieved in cells not 
actively dividing. Moderate X-irradiation may injure cells 
through a mechanism other than through aberration in cellular 
:t Part o.f a thesis submitted in partial fnlfilhnent of the requirements for a 1\Jaster of 
Arts degree in the Department of Biology of Drake University, Des Moines, Iowa, 1960. 
2 Department of Biology, \Visconsin State College, LaCrosse, Wisconsin. 
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division and growth. Brues and Rietz ( 1951) indicated that ra-
diosensitivity may be related to the ratio of nuclear and cyto-
plasmic nucleic acids. It was suggested by Baron ( 1955) that 
radiation injury may be due to the ionization of certain freely 
reacting sulfhydryl bonds on the side chains of various proteins. 
Others have suggested that radiosensitivity is related to the 
ploidy state of the nuclei, including Hollaender ( 1954) who has 
reviewed the major studies of irradiation effects on living sys-
tems. 
Preliminary investigation at Drake Un,iversity indicated that 
600 roentgens of X-irradiation in some way retarded the devel-
opment of· carbontetrachloride-induced liver tumors. It was the 
purpose of this study to determine if 600 roentgens of X-irradi-
ation would have an effect on the parenchymal nuclei of normal 
mice. 
METHODS AND MATERIALS 
Female A-Jax mice obtained from the Jackson Memorial Lab-
oratory were used. At the age of eight weeks, eight mice were 
irradiated at Mercy Hospital, Des Moines, Iowa, with a 140 K.V. 
20 milliampere X-ray therapy machine. It possessed an inherent 
2 mm aluminum filter. At a distance of 30 cm the output was 
200 roentgens per minute. During irradiation each mouse was 
immobilized in a special plastic container (made by Hollister 
and Johnson, Drake University). The nozzle of the therapy ma-
chine was placed against the plastic cover directly over the 
back of each mouse in the region of the liver. 
To determine the time of nuclear change, examinations were 
made on livers from irradiated and non-irradiated mice sacri-
ficed immediately, in 6 hours, 12 hours, 18 hours, 24 hours, 48 
hours, and 72 hours after irradiation. 
The animals were killed by a blow on the head. Samples of 
tissue were removed from the peripheral and basal portions of 
the median liver lobe and preserved in Regaud's fixative. After 
they had been washed by the use of standard techniques, the 
samples were embedded in paraffin. Sections were cut at 6 mi-
crons and strained with Heidenhain' s iron haematoxylin. 
Chalkley's ( 1943) point-ratio method was used to determine 
the percentage of parenchymal cell volume made up of nuclear 
material. In this method the slide was moved at random and 
the position of the pointer ( crosshair in ocular) was recorded 
as being parenchymal nucleus, parenchymal cytoplasm, or non-
parenchymal tissue. The slide was moved at random until 390 
cytoplasmic hits had been recorded. 
Actual nuclear volume was estimated by making outline 
drawings of the nuclei with the aid of a camera lucida. It was 
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assumed that the nucleus is an oblate spheroid; therefore, the 
dimensions of the outline drawings were substituted in the for-
mula for the determination of the volume of an oblate spheroid 
and corrections were made for magnification. A total of 200 nu-
clei were selected at random from each section and measured 
to the nearest millimeter. Nuclei of equal lengtl1 and width were 
not used. 
The ploidy distribution of the nuclei was inferred from the 
number of nuclei which fell into the various volume classes. 
These classes were estimated by plotting the number of nuclei 
against the logarithm of nuclear volume. The nuclei in tl1e low-
est volume class were called diploid, those in the next higher 
class were called tetraploid, and those in the highest class were 
called octoploid. About 3% of the nuclei fell either below the di-
ploid class or above the octoploid class and were not used. 
The number of nuclei per cc of tissue was obtained by divid-
ing the per cent of parenchymal nuclear volume per cc of tissue, 
obtained from the Chalkley point count, by the mean nuclear 
volume of the nuclei in each section. 
RESULTS AND D1scuss10N 
Table 1 shows the results of the Chalkley point ratio and the 
actual nuclear volume determinations for the various times of 
sacrifice in irradiated and non-irradiated basal and peripheral 
sections. The chi-square test was used to determine if there was 
a significant difference between irradiated nuclei and between 
non-irradiated nuclei from one time of sacrifice compared with 
other times of sacrifice. The signed rank test for paired obser-
vations was used to determine if there was a significant differ-
ence between irradiated and non-irradiated nuclei from one 
time of sacrifice compared with other times of sacrifice. The re-
sults of these statistical tests indicated that there was no signi-
ficant difference between the nuclei, based on relative nuclear 
volume, from one time of sacrifice to the next. The chi-square 
on actual nuclear volume revealed a difference between non-
irradiated nuclei and between irradiated nuclei. Since the non-
irradiated nuclei appeared to be from different populations, it 
was assumed that the nuclei were not randomly distributed in 
relation to nuclear volume. An area-by-area re-examination of 
the sections revealed that the nuclei varied in size depending 
upon their position within the liver lobule. Larger nuclei were 
found midway between the central and portal veins. Smaller 
nuclei were found around the central and portal veins. Meg-
litsch, Mote, and Johnson ( 1960) in their work on carbontetra-
chloride-induced liver tumors in mice have also found evidence 
for this non-random distribution of nuclei. They have also indi-
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cated that there is no difference between sections taken from 
the basal and peripheral portion of the liver lobe. 
Table I. The Percentage of Parenchymal Volume Made up of Nuclear 
Material and the Mean Nuclear Volume at Various Times of Sacrifice, in 
lrradicated and Non-irradiated Basal and Peripheral Sections. 
Time Normal Normal Irradiated Irradiated 
of Basal Peripheral Basal Peripheral 
Sacrifice N.V. %N N.V. %N N.V. %N N.V. %N 
Immediate .. 134.0 lLl "149.8 8.6 101.5 10.5 144.7 9.0 
6 hours ... 142.9 8.8 138.8 8.6 148.5 12.5 129.0 9.3 
12 hours ... 133.7 10.1 155.7 8.6 156.5 9.9 121.0 9.9 
18 hours ... 156.5 8.2 170.8 9.3 150.8 8.6 141.5 11.0 
24 hours ... 121.2 8.8 123.7 8.4 145.0 12.7 161.3 9.5 
48 hours ... 129.2 10.7 138.0 9.7 120.3 11.4 142.7 10.5 
72 hours ... 145.3 10.1 139.6 10.1 168.1 9.3 159.9 11.0 
Probability ... 30 .99 .10 .99 .05 .95 .10 .99 
Note: %N stands for the percentage of parenchymal volume made up of 
nuclear material. 
N.V. stands for the mean nuclear volume. 
Normal basal refers to non-irradiated nuclei taken from the basal portion 
of the liver lobe. 
Table 2. Combined Data for all Times of Sacrifice in Irradiated and 
Non-Irradiated Sections from Livers of Mice 
Normal Normal Irradiated Irradiated 
Basal Peripheral Basal Peripheral 
Combined Combined 
%N . . . . . . . . . . . . . . 9.7 9.0 10.6 10.0 
9.35 10.3 
N.V. ............. 137.5 145.2 140.3 142.8 
141.3 141.5 
Nuclei cc 6.13x10° 5.48x10° 6.88x10° 6.40x10° 
5.80x10° 6.64x10° 
%Diploid 47.0 41.0 46.4 41.5 
44.0 43.95 
%Tetraploid 43.6 48.2 43.5 49.1 
45.9 46.3 
%0ctoploid 9.2 10.7 9.9 9.2 
9.95 9.55 
Note: %N stands for the percentage of parenchymal volume made up of 
nuclear material. 
N.V. stands for mean nuclear volume. 
%Diploid stands for the estimated per cent of the nuclei which are 
diploid. 
Normal Basal refers to non-irradiated nuclei in sections taken from the 
basal portion of the liver lobe. 
The data from all times of sacrifice were combined, as shown 
in Table 2, to see if an overall change in the nuclei could be de-
tected following irradiation. There was a 1% increase in the rela-
tive volume of parenchymal nuclei following irradiation. Since 
there was no significant corresponding increase in actual nu-
clear volume or change in ploidy distribution, the observed in-
crease must be due to an increase in the number of nuclei per 
cc of tissue. 
Normally an increase in nuclear size would be the expected 
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result of radiation damage. Wilson and Stowell ( 1953) observed 
an increase in nuclear size of liver cells in mice following 12,-
000 roentgens of local X-irradiation which they attributed to a 
swelling of the cell. More recently, Lesher, Stroud, and Brues 
( 1960) observed that chronic irradiation of 12 roentgens per day 
interfered witl1 cell division in the liver of mice. They attribut-
ed this in part to a blocking of DNA synthesis, but mostly to an 
accumulation of chromosomal damage. Continued blockage of 
cell division with continued DNA synthesis would result in larg-
er polyploid nuclei. 
It has been shown by others, since this experiment was com-
pleted, that 600 roentgens of whole or local body X-irradiation 
has an effect on other cellular constituents in the liver of mice. 
Hori, Mochizuki, and Fujino ( 1961) noted that mitochondria be-
came vacuolized and decreased in number within 15 minutes fol-
lowing irradiation, with recovery in 4-5 hours. 
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